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SIMULATOR STUDIES OF THE ATTACK PHASE OF AN

AUTCMATTICALLY CONTROLLED INTERCEPTCR

I — PRELIMINARY STUDIES OF THE ILATERAL AND LONGITUDINAL
CONTROL SYSTEMS

By Albert A. Schy, Ordway B. Gates, Jr.,
and C. H. Woodling

IT — SGME RESULTS OF A STUDY PERFORMED ON
THE TYPHOON CCOMPUTER

By Windsor L. Sherman and leonard Sternfield
INTRODUCTION

The attack phase of the completely automatic interception of & bomber,
which begins with lock-on of the interceptor radar and ends with firing of
the interceptor armsment, is at present receiving a great deal of attention.
The initial phase of an analytical intestigetion of several aspects of this
problem has recently been completed at the lLangley Aeronautical Isaboratory.
In this investigation the dynamics of an advanced-design interceptor, the
geometry of the sttack, and the guidance computer, which used first-order
lead-collision guidance equations for rocket firing, were completely repre-
sented. Beczuse of the detalled simulation of the problem, it was necessary
to use a very large analog computer, and through the cooperation of the
U. S. Navy, the Typhoon Computer at the U. S. Naval Air Development Center,
Johnsville, Pa., was made available to the NACA for this investigation.
Acknowledgement is mede to the perxrsonnel of the Naval Air Development Center
for their cooperation and assistance in setting up and operating the Typacon
Computer during this study.

Part I of this paper presents some results of preliminary studies of
lateral and longitudinal control systems of the type used in the Typhoon
investigation. In these studies sppropriate simplifications were made to
permit the use of the analog equiprent available at the Lengley Aeronauticsl
Laoorauory In the following discussion, these studies are called the

"gimplified" studies, and the Typhoon study is called the "complete™ study.
In the simplified studies, three degrees of freedom were considered in both
the lateral snd longitudinel systems. Some results of the Typhoon investi-
gation are presented in part IT of this paper.
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SYMBOLS

wing span

pitching-moment coefflclent

aerodynamic forces along X=-, Y-, and Z-axes, respectively
moments of inertis ebout X-, Y-, and Z-axes, respectively

acceleration of gravity
change in normel acceleration
constant

direction cosines relsting airplane principal body axes and
space axes

rolling moment
Mech number

predicted azirmuth miss distance

predicted elevetion miss distance
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m airplane nass, W/g

M’ pitching moment

N yawing moment

P rolling velocity

q piteching velocity

Re future range

r yawing velocity

Ug steady-state x-velocity

abl perturbation x-velocity

v forward velocity

v y-velocity component

W airplane weight

Vo steady~-state z-~velocliy component
L perturbation z-velocity component
(o) angle of attack

B engle of sideslip

¥ flight-path angle

(&ay)p desired change in flight-~path angle
Sg aileron sngle

Se elevator angle

Bp rudder angle

€ resultant steering error, VE;ET:T:;;?
€g azimath steering error

€ec elevation steering error

e¢ roll-engle error
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¢} angle of pitch

¢ angle of roll (or bank)
¥ angle of yaw

W frequency

Subscripts:

c command

cr critical

i 1, 2, 3

o] steady-state conditions

One or two dots over a symbol indicates flrst or second time derivative,
respectively.

I - PRELIMINAKY STUDIES OF THE ILATERAT. AND LONGITUDINAL
CONTROL SYSTEMS

Figure 1 illustrates the tile-in system by which tne input commands
to the latersl and longitudinal control systems were obtained frcm out-
puts of the guidance computer. For a given orientation between the
interceptor and the predicted target position, the elevation miss dis-
tance Mg, the azimuth miss distance Mg, the future range Ry, and the

"time to go" +tg were obtained from the guidance computer. In order

to compute the instantaneous miss distances, both the interceptor and
the target were assumed to maintain thelr instantaneocus velocities for
the time tg, at which time the rockets are fired. The rocket time of

flight was 1.5 seconds, and the rocket velocity was parallel to the inter-
ceptor velocity at 2,000 feet per second. The miss distances were obtained
in airplene coordinates. The input to the lateral (aileron) control system
is the arc tangent of the ratio of azimuth and elevation miss distances.
The lateral error disappears when the eirplane rolls through the angle €¢,

since the predicted terget then lies in the longitudinal plane of the
interceptor. The longitudinal error is the ratio of the elevation miss
dlstance to the fubure range and is basically an error in flight path.

This error commasnds an elevator deflection to aim the flight path toward
the predicted target position. The rudder is used only vo damp the lateral
oscillation of the airplane and does not respond directly to the guldance
commends. This simple tie-in system neglects the effect of grevity, and
the resulting maneuver is therefore not properly coordinated. It was
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desired to see whether a fast roll response would maske the lack of
coordination unimportant.

A block diagram of the lateral control system is shown in figure 2.
In the simplified study a step command in bank (roll) angle was applied
end the airplane bank angle was fed back, as shown by the dotted line,
in order to obtain the bank error e¢. No target motions or guidance

were considered. In the complete study the bank error e¢ was oObtained

from filtered values of the miss distances calculated by the guidance
computer, without an actuzl bank feedback. The effect of the miss-
distance filtering on the bank command was lergely eliminated in the
complete study by using cross-roll corrections in the filter; conse-
quently, no filter was included in the simplified analysis of the roll-
control system. The bank error was amplified and fed into the alleron
servo to obtain alleron deflections. Rate and acceleration feedbacks
were used to stabilize the alrplane-servo loop. The transfer function
of the servo was represented by a first-order time lag, and the servo
was assumed to have limits on the megnitude and rate of its output
deflection.

Some characteristics of the airplane-servo system are now presented
to show the importance of wvarious componenits in the lsteral control system.
Figure 3 presents several inverse open-loop complex plots, showing some
undesirable properties of the intercevptor as a roll-control system and
how these properties can be corrected. The imaginary part of the inverse
open-loop transier function is plotted along the ordinate, and the real
part along the abscissa. Vealues of angular frequency « are shown at
points along the curves. The curve lsbeled "airplsne alone" represents
the simplest roll-control system, which would have simply the amplifier
and servo deflecting the aileron in response to the command. With servo
lags end limiting neglected, the response of such & system is determined
by the roll transfer functlon of the interceptor itself. WNote that the
curve has a lerge loop, which indicates an undesirgble dip in the fre-
quency response, and low values of the ordinste at high frequency, which
indicate insufficient roll damping. The undesirable loop in the curve
is caused by the Duteh-roll mode, as can be seen by comperison with the
curve in which & relatively strong yaw damper has been included in the
airplane transfer function to inhibit the Duich-roll oscillation. The
third curve shows that by adding some roll-rste feedback, in addition to
the yaw damper, a desirable type of inverse open-loop curve is obtained.
Both the yaw damper and rate feedback were therefore included in the con-
trol system for the complete investigetion.

The very strong effect of the Dutch-roll mode on the roll response
of this airplane 1ls caused by the presence of a large product of lnertis.
Although the product of inertia increases the Dutch-roll damping in the
present example, it also introduces a coupling between the yawing and
rolling which makes 1t very difficult to remove the Dutch-roll oscillation
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from the rolling motion. It therefore appears that a large value of
product of inertia is undesirable when a nonoscillatory roll response
is required. The open-loop analysis 1s valid only for linear systems.
However, since limits were put on the aileron and elevator rates and
deilections, both the lateral and longitudinal control systems were
actually nonlinear. Figure 4 presents some results showing typlcal
effects of limiting on the lateral system. Time histories of roll
response and aileron deflection are shown.

The alleron angle is limited to +20°, and the rate of deflection is
limited to +£120° per second. The basic system had enough rate feedback
to provide a well-damped response according to a linear enalysls. As
shown by the solid-line curves, the control-rate limiting causes a poor
response with a neutrally stable oscillation. Although the addition of
rate feedback tends to stabllize this oscillatlon, even a very large
increase, which slows up the response considerably, leaves a slight amount
of limiting oscillatlion, as can be seen from the dashed curves. The use
of a small amount of acceleration feedback, however, eliminates the rate-
limiting oscillation entirely. It can be seen that a smooth, rapid
response is obtained with no limiting oscillation in the control. Accel-
eration feedback was therefore included in the complete study. It is
interesting to note that a linear amnalysis shows that the combinstion
of rate and acceleration feedbacks is also very effective in compensating
for the destabillizing effect of a first-order time lag in the systenm.
This result indicates theat it may be possible to consider rate limiting
in a control servo as being similar to an effective linear time lag In
the servo. A more detalled analysis of the lateral system is presented
in reference 1.

Figure 5 shows the longitudinal control system. In setting up the
longitudinel atteck problem, a simplified form of the first-order lesd-
collision guidance equations was used to calculate the longitudinal error
input, which can be considered as an error in flight-path angle. This
error was filtered and amplifiled, and, in some cases, also Integrated,
and the resulting signal was used to command a rate of change of flight-
path angle ¥. Accelerstion limiting was obtained by limiting this
commend in ¥. The limits used corresponded to 5g and -2g in the steady
state. The error in ¥ was then amplified (and sometimes also integrated)
and applied to the elevator servo which caused the eirplane to maneuver.
The integrator in the inner loop was sometimes used in oxrder to make the
steady output acceleration equal the command value. The use of this
integrator was not essential, however, and good response could be obtained
from the acceleration-command loop with or without this integrator by
proper gain adjustment. The filker and servo dynamics were represented
by first-order time lags, and the servo output was limited in rate and
deflection. Pitch rate and acceleration feedbacks were found to be
effective in stabilizing the airplane-servo loop, in a menner similar
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to that already discussed in connection with roll rste and acceleration
feedbacks in the latersl system. Eifects of speed loss were included in
the representation of the airplene resvonse.

The interceptor was assumed to be flying at an altitude of 50,000 feet
at Mach number 2.2. The lock-on renge was 60,000 feet, and at lock-on
the target was assumed to be above the interceptor and flying toward the
interceptor on & parallel path =t Mach number 1.4. The radar lock-on
angles varied from 2° to 10°, which corresvonded to initisl altitude dif-
ferences between 4,000 feet and 12,500 feet. Solutions were obtained
both for straight flying targets and for targets flying with constant
acceleration et lock-on. Against an accelerating target, the first-
order guldance requires that the interceptor accelerate in the steady
state. In order to obtain a steady acceleration with the control system
considered here, there must either be a steady-state bias-error input,
or the integrator must be used in the outer loop. If the tracking inte~
gretor is not used, relatively high tracking gein must be used in order
t0 keep the bias. error sgainst e maneuvering target low. A comparison
was rade of the responses obtained by using the high-gain system and the
low-gain system with integrator for three different initial conditions.

Figure 6 shows the calculated miss-distance responses for the high-
gain no-integration sysiem for an initial radar lock-on angle of T.5°
against a nonmaneuvering and a maneuvering target, and for an initial
radar lock-on angle of 2° against a maneuvering target. The sbscissa
indicates time from lock-on. The early pert of the motion is not shown
in order to obtain a reasonable scale factor for the finsl miss distances.
Zach run ends at the firing time. For comparison, lines of constant
flight-path error of 20 mils are shown. Although the motions are oscil-
latory and have varying amounts of initial overshoot, the final miss
distance is small for each case, showing that the high-gain no-integrator
system can give satisfactorily low miss distances for a large variety
of initial conditions. It should be mentioned that zgainst the maneuvering
target, an increment of 36 feet per g should be added to the calculated
final miss because of the curvature of the target flight path during the
time of flight of the rockets, which was assumed to be 1.5 seconds. The
oscilliatory properties of the response were primerily caused by the
0.6-second time constent of the filter and the high tracking gain neces-
sery against a maneuvering target. Cutting this time constant in helf
removed most of the undesirsble oscillation. For lower tracking gein,
excellent no-overshoot responses could be obtained against a normaneu-~
vering target even with the 0.6-second filter, but large bilas errors
were obtained against the maneuvering target.

Figure 7 shows the miss distances, for the same set of initial con-
ditions, obtained by use of the tracking integrator with low tracking
gain. The amount of integrator gain was chosen to give an excellent
response for the initial T7.5° radar angle sgainst a maneuvering target.
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This amount of integrator signal ceaused a large overshoot egainst the
nonmaneuvering target and resulted in a final miss distance of about

200 feet. On the other hand, for the case of the small initial exrror
ageinst a maneuverlng target, the integrator signal wes too small and
resulted in a miss distance of approximately 100 feet. These results
illustrate a hesic difficulty in the use of a constant-gain tracking
integretor for a varieSy of lock-on angles and target maneuvers. Since
trhe integrator signal must provide the blas command to build up a steady
acceleration falrly repidly even for small initial errors, 1t tends to
cause large overshoots for large initial errors agalinst a nonmaneuvering
target. It would therefore seem that, if a tracking integrator is to be
used, it would be desirable to have a nonlinear gain or, possibly, some
device which would switch the integrator on only in the range of smell
errors. In the complete investigation, the high-galn system was used
without the integrator.

Although there was not sufficient time for a detailed study of the
autopilots on the Typhoon simulator, the gains chosen on the basis of the
simplified studies appeared satisfactory. The effects of varying several
of the most important gains were investigated, and in no case was it
found desirsble to change the geins predicted from the simplified analyses.

IT - SOME RESULTS OF A STUDY PERFORMED ON THE TYPHOON COMPUTER

As pointed out in part I of this paper this study of the attack phase
of the automatically controlled interceptor was performed on the Typhoon
Computer. The purpose of this sectlon is to present some of the results of
the first phase of the investigation of the attack problem. The objec-
tives of this phase were:

(l) To deterriine the necessery mathemetical representation of the
airplane for use in a sinmulstion problem. This determination was made
by studying the effect of the cross-coupling terms in the equations of
notion.

(2) To study the effect of nonlinear serodynamics on the airplene
response.

Figure 8 shows the attack phase as set up for this study. The
radar, computer, and {light-data instruments which supply interceptor
flight data to the computer and sutomatic pllots were assumed to be
dynamically perfect. The automatic pilot used in this study was described
in section I of this peaper.

The target was programed to fly a straight-line course at a Mach
number of 1.4 at 50,000 feet or to perform a +2g verticsl-plane maneuver
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at the ssme Mach number. The radar was assumed to be an sutomatic-
tracking fire-control rader with & space-stabilized line of sight. The
rader supplies the antenna angles, angular velocity of the line of sight
range, and renge rate to the guldance camputer. The computer, which in
conjunction with rader forms & director type of fire-control system,

uses the data supplied by the radar and o &and B from the flight data
sensors to solve the equations for a lead-collision rocket-firing course.
The rocket is assumed to have an average flight velocity of 2,000 feet

per second relative to the interceptor and a time of flight of 1.5 seconds.

The solution of the fire-control equations is presented as the pre-
dicted azimuth and elevation miss distances. The miss distances are then
filtered, corrected for cross-roll effects and converted to azimuth and
elevation steering errors €; and €, Dby the following formulas:

Azimuth steering error:

(1)

”li—ﬁj; (2)

Roll command:

(3)

]
B
|

The sirplane equations of motion are expressed as follows:

m(d + qwb)-+ Ln(q ni - ;vﬂ = Wiz + Fy (L)
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n(Vv + Tuy - pwg) + Em(r M - D Aw)] = Wmz + Fy (5)
m(w - quo) + rm(pv -q m)] = Wnz + Fy (6)
Igh + [(IZ - IY)qr] = L' (7

Iyd + [(IX - Iz)prjl = M (8)

Iz + {(IY - Ix)qu =N (9)

1 = myr - n4q (10)

fiy = n4p - Iyr (11)

iy = liq - myr (12)

1=1,2, 3 (13)

Equations (&) to (9) are six-degree-of-freedom rigid-body equations of
motion referenced to principal body axes and are referred to hereln as
"complete" equations. The equations of motion were analogued so that

the cross-coupling terms, which are the terms in brackets in equations (k)
to (9), could be deleted. When these terms are deleted the equations
reduce to e set of linear equations which approximate the classical linear
airplane stability equations.
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The direction cosines, obtained from the equations (11) to (13), are
used to supply interceptor attitude informstion needed to simulate the
radar. The direction cosines 13, mz, and nz were used to account

accurately for gravity accelerations in the force equations.

The serodynamics considered for the problem include nonlinearities
in the stability derivetives that were functions of the Mach number and
angle of attack. The derivatives Cné and Czé were omitted, as were

the aerodynamic cross-~coupling terms such as CmB.

The first obJective, which was to study the airplene representation,
was carried out by making computer runs with the complete and linear equa-
tions of motion. Some of these results are shown in figure 9. The diagram
et the right shows the initial condition used. The target and interceptor
are flying at right angles to each other and the line of sight at lock-on
is displaced 45° in azimuth from the center line of the interceptor. The
lock-on range along the line of sight is 60,000 feet and the interceptor
flight condition is straight and level trimmed flight at a Mach number
of 2.2. The time histories show bank angle and normal escceleration, for
18 seconds, from time of lock-on to the firing point.

The differences between the results obtained with the complete equa-
tions and with the linear equations are errors introduced when & linear
representation of the airplane is assumed. Similar errors occurred in
the other degrees of freedom of the airplane and for other bow and beanm
attacks with different initial conditions. By systematic deletion of
the cross-product terms in the equations of motion, these errors were
traced to the omission of cross-coupling terms that are functlions of
rolling velocity. Of these terms, p Aw in the side~force equation (5)
was found to be the dominant term. The other cross-coupling terms involving
Jolling velocity, pv, pg, and pr, while producing smeller effects then
P Aw, cannot be neglected. The cross~coupling terms such as rv and gr
had no epparent effect on the airplane response.

Flgure 10 shows the predicted terminal miss distances as obtained for
the complete and linesr representations of the airplene. The use of the
linear equations introduces errors in the predicted terminel miss distances
of approximately 300 feet in azimuth and 500 feet in elevation.

As discussed in the first section the airplane response becomes
oscillatory when the limlt on the rate of control-surface deflection is
reduced. The results of this study indicate that, when the alrplane is
represented by complete equations, lower control-surface rate limits can
be used before the alrplane response becomes osclllatory. Thus, for the
system considered the critical rate of control-surface deflection should
be determined when the airplane is represented by the complete equations.
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The linear eqguations with the rolling-velocity cross~product terms
added were used to represent the ailrplene and reductions in the rate of
control-surface deflection gave results that were the same as for the
complete equstions.

The results of the 1nvestigation of the representation of the air-
plane mey be surmarized as follows: The use of linear equations to
represent the airplane introduces errors in the airplane response and
the azimuth and elevation miss distances. In addition the use of linear
eguations predicts a high value for the critical rate of control-surface
deflection. These differences were found to be functions oi the cross-
vroduct terms that involve rolling velocity. Thus for the alrplane and
guidance system considered the airplane can be represented by the linear
equations with p Aw, pv, pq, and pr added.

The second objective of the calculations made on the Typhoon Corputer
weas to study the effects of nonlineear aerodynamic parsmeters on the air-
plane response. The results of wind-tunnel tests were used to obtain
representative nonlinear aerodynemics for incorporation in the problem.

The nonlinear serodynamic parameters were programed as polynomial functions
of the Mach nurber end angle of attack. TFigure 11 shows the variations
in pitching-moment ccefficient Gy and the stability derivatives CnB

and Cy with Mach number and angle of attack. The linear wvalues of
Cr. and™ Cp are obtained by extending the straight line that runs from

a=0° to a= 6° through the angle-of-attack range. In the case of
ClB the velue corresponding to the trim angle of attack (a = 2°) was used.

In figure 11 the nonlinear part of the airplasne parameters shown starts
at o = 6°. Provisions were made for the angle of attack at which the
nonlinearity started to be wvaried. 1In addition to the stability deri-
vetives skown in figure 11, ch and Cnp were programed with nonlinear

variations.

Calculations were made with the nonlinear pitching-moment coefficient
added tc the alirplane revresentation. In figure 12 are presented time
histories of normel acceleration and elevator deflectlon obtained by use
of the linear and nonlinear wvalues of Cm. The time histories in this

figure show that pert of an 18-second attack run during which the non-
linear portion of Cp was effective. Although the curves for normal

acceleration show differences, the integrals of the normal acceleration
over the time interval during which the ronlinear Cm i1s efiective are

approximately equal. The largest differences occurred in elevator
deflection. A comparison of the elevator deflections for the linear and
nonlinear pitching-moment coefficients shnows that the elevator deflections
are the same for the first part of the time history but that large 4if-
ferences occur in the last part of the time history for the same normal
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acceleration. These results indicate that the automatic pilot was able
to cope with the changes in aerodynamics end to maintain the same normal
acceleration by moving the control surface in a different manner.

Figure 135 shows time histories of the rolling-velocity response and
aileron deflection for linear and noniinear lateral stability derivatives.
The rolling-~velocity response was the same for the linear and nonlinear
derivatives. The aileron deflection for this rolling-velocity response
wlth linear derivatives is shown by the solid line in the lower set of
curves. When the nonlinear CnB was added, in a manner to decrease the

directional stebllity as the angle of attack increased, large sideslip
velocities developed. The contribution of CIBB to the rolling moment

increases and tends to counter the rolling wveloecity and, as shown by the
dash-line curve, more aileron deflection is required to maintain the same
rolling velocity. When the nonlinear CZB was added In a manner to

reduce the positive effective dilhedral with anglie of attack, the CZBB

effect decreased and the aileron motion followed the curve labeled "non-
linear CnB + C;B". The alleron deflection required to maintain the

rolling response when all nonlinear derivatives were present is also
shown in this figure. As was found in the study of pitching moments,
the automatic pilot copes with the changes in serodynamics and makes use
of different control-surface deflections %o compensate for this change
and thereby maintains the same rolling wveloecity when the nonlinear aero-
dynamic perameters are used.

These results indicate that, for the interceptor system considered,
nonlinearities in the alrplane stability derivatives do not affect the
airplsne response in pitch or in roll. However, different control-surface
motions are required to maintain the airplene response. Thus, if non-
linearities exist in the airplane stsbility derivatives, these nonlin-
earities should be included as part of the airplane simulation in order
to obtain realistic control-surface deflections.

In addition to the two primery objectives of this study some prob-
lems associated with the roll command were investigated.

The vertical-plane studies of the interceptor problem reported in
part I of this paper (figs. 6 and T) showed that a high-gain longi-
tudinal control system was required to track a maneuvering target when
integrators were omitted from the tracking loop. The high-gain longi-
tudinal control system was used in this study. In addition, these results
indicated that changes in sign of the elevation steering error will ocecur.
These changes in sign of the elevation steering error have a detrimental
effect on the roll-control system becazuse of the type of roll command used
thus far in this study. TFor this reason, the high-gain longitudinal
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control system was studied with three different roll commands, which are
illustrated in figure 1k4.

These sketches are a presentation of the guldance computer output.
The axes of the comrputer are coinecldent with the 1nterceptor reference
axes znd the predlcted impact point may appear at any point in the plane.
The predicted impact point is displaced from the origin by the steering
errors e€g positive along the interceptor Y-axls and € positive along

the interceptor negative Z-axis. When the type I roll command (the roll
command used up to now) is used and the predicted impact point is in the
first quedrant, the interceptor rolls to the right through angle e¢ and

uses positive acceleration to reduce the steering errors to zero. If eg

changes sign during the attack run, a large aileron kick is commanded as
€e Dpasses through zero. The type II roll command illustrated In fig-
ure 14 eliminates this large aileron kick by switching the roll command
from the inverse tangent to one that is proportional to azimuth steering
error. This switch occurs when the predicted impact point appesrs within
the circular boundary eqp (that is, € < €pr). Another difficulty is

associated with both the type I and type II roll commands. This problem

is illustrated in the third sketch in figure 14. When the impact point
appears at the point labeled (:) in the diagrem, the interceptor is ordered
to roll throuvgh the angle e¢l, which is greater than 90°. Since the sign

of ee 1s negative, the interceptor develops a negative acceleration and,
under this influence, moves down and away from the target until the roll
has changed the sign of e€g. One way to alleviate thls condition 1s to
change the roll order when €z 18 negative so that the predicted Impact
point appears as though it were located at point (:) in the dlagram.

When this chahge is made, the interceptor rolls to the left through the
scell angle e¢2 to reduce the azimuth miss distance to zero. However,

the command to the longitudinal control system, e, is unchanged and the

interceptor uses negative acceleration to close on the correct impact
point located at (:). The type III roll command is the same as the type IL
command, except that such a change has been made for |e| < €cr.- In this

case the only change needed is to reverse the sign of the roll order when
€e € 0. Thus, the interceptor will roll through the smallest angle to

provide zero azimuth miss distance.

Figure 15 compares the rolling-velocity response and aileron deflec-~
tions for these three roll commands. In this case the interceptor is
meking a head-on attack sgainst a nonmaneuvering target. Again the lock-
on range is 60,000 feet and the Mach numbers of the Ilnterceptor and target
are 2.2 and 1.4, respectively.
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A comparison of the type I command with the type II command shows
that the type II command tends tc reduce the large aileron kicks and
rolling velocities that occur when the type I command is used as eg

passes through zero. A comparison of the type IIT roll-command response
with the responses for the other two roll commands indicates thet the
type III roll command eliminates the difficulties experienced with the
other two roll commands. An examination of the normal-scceleration
response showed it to be less oscillatory end from 4.25 seconds the
interceptor usedl negative acceleration to close on the predicted impact
point. The peak normal acceleration during this part of the run was -2g.

A complete evaluation of the type III roll command could not be made,
inasmuch as the interceptor assumed an inverted attitude for the last part
of the attack run. This result was probably caused by the leck of proper
sequencing of the roll and flight-path commands and by the omission of
gravity corrections from the roll order. The inverted flight attitude,
consequently, is not believed to represent an inherent defect of the
type III roll command.

One more point, the speed loss during the attack run, is worthy of
mention. The speed loss was found to be a function of initiel condition
and ran as high as 12 percent of the initial velocity for attack runs
against a nonmaneuvering target. Speed losses as high as 25 percent
were observed when the target was making s 2g maneuver.

Iangley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 11, 1955.
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